Purpose To examine the relationship between child selfreport and parent proxy report of health-related quality of life (HRQL) and how parents' mental health status relates to the HRQL ratings 6 years after minor to severe injury of the child. Materials and methods This cross-sectional cohort study was performed at a regional pediatric trauma center in Stockholm, Sweden. The PedsQL 4.0 versions for ages 5-7, 8-12, and 13-18 years were completed by 177 childparent dyads 6 years after injury to the child. The parents also rated their own mental health through the mental health domain (MH) in the SF-36 Health Survey. Results The children's median age was 13 years (IQR 10-16 years), 54 % were males, and the median ISS was 5 (IQR 2-9). Most of the parents were female (77 %), born in Sweden (79 %), and half had university degrees. There was no statistically significant difference between child self-report and parent proxy report in any of the PedsQL 4.0 scales or summary scales. The levels of agreement between child self-report and parent proxy reports were excellent (ICC C 0.80) for all scales with the exception of emotional functioning (ICC 0.53) which also was the scale with the lowest internal consistency in child self-report (a 0.60). Multiple regression analyses showed that worse parental mental health status correlated with worse child self-report and parent proxy report of children's HRQL. Conclusions Children and their parents' reports on child's HRQL were in agreement. Decreased mental health in parents was associated with lower scores on parent proxy reports and child self-reports of HRQL after injury. The current investigation highlights the possible relationship between parent's mental health status and children's HRQL long after an injury, which should be considered in future investigations and in clinical care.
Introduction
Trauma is the most common cause of death and functional impairments among children and adolescents [1] [2] [3] . The currently held view is that traditional outcome measures, such as survival rates or presence of physical symptoms, are inadequate and do not capture the range of ways in which a patient may be affected by injury, treatments, and sequelae [4] . In the last decade, several authors have highlighted the importance of measuring health-related quality of life (HRQL) as an essential aspect of assessing outcome after injury [4] [5] [6] [7] [8] .
HRQL instruments need to be multidimensional, consisting of physical, emotional, and social health dimensions based on the World Health Organizations (WHO) definition of each concept [4] [5] [6] [7] [8] [9] . Because injury characteristics are heterogeneous, generic instruments are preferred and enable comparisons across multiple groups to facilitate understanding of how demographic variables or clinical groups differ in their reported HRQL scores [7, 9] . Diseasespecific instruments can complement generic measures focusing on specific aspects of health with respect to particular disease or organ systems [7, 9] .
Studies of children's and adolescents' HRQL face many challenges. One is that different researchers use different measuring instruments, which raises the question of whether the same health dimensions have been measured [9] . Another challenge arises from when and how the information was obtained. Most studies of HRQL of children after injury have been carried out within 2 years after injury and have relied on parents' proxy reports. These studies have focused on different age ranges and injuries and have revealed rapid recovery during the first year after moderate to severe injuries, followed by a plateau phase during which any remaining disabilities remain more or less unchanged [10] [11] [12] [13] [14] [15] [16] [17] . The few existing long-term follow-up studies have found that children continue to recover 5-10 years after moderate to severe injuries and a majority of them report HRQL scores similar to those of healthy peers [18] [19] [20] [21] . Those studies have, however, either focused on specific injuries such as traumatic brain injuries [19, 21] and or had a specific focus on children with the most severe injuries [18, 20] . No long-term studies have been found representing the full spectra of injuries and injury severities found in a general pediatric population.
HRQL measures are by definition an individual's perception of the effects of disease and treatment on their well-being [22] . The gold standard for measuring pediatric HRQL is self-report, as children have a unique awareness of their own health and earlier research has revealed that children as young as 5 years can self-report their HRQL [23, 24] . It is well documented in the literature that there are discrepancies between children's self-report and parents' proxy reports, where lower agreement have been found in subjective domains such as emotional and social functioning and higher agreement for objective domains such as physical functioning [25] [26] [27] . In studies where differences have been investigated it has been suggested that parents rate their children's HRQL worse than the children themselves [27, 28] . There is also concern regarding the influence of parental distress and other related factors on parents' perception of their child's HRQL [14, 19, 28] . Most authors agree that it is important to include parents' proxy report as a complement to child self-report as a secondary outcome measure. Moreover, there are situations where the child is unable to provide a self-report and parent proxy report is the only source of information [5-7, 27, 29] . A number of studies have examined children with traumatic brain injuries (TBI) and found that caring for children with TBI may have adverse effects on the home environment, potentially leading to parental mental health pathology, family dysfunction, and changes in the parent-child relationship [30] [31] [32] . There is, however, a knowledge gap regarding the situation in families after other types of injuries. Research is needed investigating the agreement between child self-report and parent proxy report of children's HRQL and parental factors that may influence ratings of children's HRQL.
In this study, we decided to use the Pediatric Quality of Life Inventory (PedsQL 4.0) since it assesses the domains outlined by the WHO, includes both child and proxy versions, has good psychometric properties, is widespread and easily interpretable, and recommended as a generic instrument for measuring children's and adolescents' HRQL after injury [4] [5] [6] [7] [8] . The purpose in the present study is to examine the relationship between child self-report and parent proxy report of children's HRQL and how parents' mental health status relates to ratings of child HRQL 6 years after the child had sustained a minor to severe injury.
Methods and materials Participants
The data in this cross-sectional study derive from a series of studies on pediatric trauma outcome in the Stockholm region [33] . The current sub-study focuses on comparison of child self-report and parent proxy reports of HRQL 6 years after the injury event. Included in this current study are as follows: (1) children and adolescents 12 years or younger at the time of injury; with (2) minor to severe injuries (AIS C 1); (3) who fulfilled the hospital's trauma team activation criteria (see ''Appendix''); and (4) were discharged alive after being admitted to the regional pediatric trauma center, Astrid Lindgren's Children's Hospital, Karolinska University Hospital (Stockholm, Sweden). Exclusion criteria were as follows: (1) suspicion of child abuse; (2) unknown address or phone number; (3) inability of child or parent to understand Swedish; and (4) non-permanent residence in Sweden. HRQL measurement instruments were administered to 306 children and their parents 6 years after injury. Two hundred and four children (reported elsewhere [33] ) and 199 parents responded; of these, 177 were child-parent dyads (58 % of the original sample) and were included in this study. Figure 1 displays a flow chart of the cohort.
Demographic and injury characteristics
Data were collected from the hospital trauma registry (Kvittra Ò , Combitech, Växsjö, Sweden) of Astrid Lindgren's Children's Hospital, Karolinska University Hospital. The registry holds information on demographics and injury characteristics such as age, sex, injury mechanisms, anatomical injury diagnoses, treatments, and patient outcomes. All children's hospital medical records were re-reviewed for quality assurance [33] . The nature and severity of each injury were characterized according to the AIS-90 scale system [34] . The AIS classifies injuries by type and location and-with consideration of the child's age-assigns severity in an ordinal scale from 1 (minor) to 6 (unsurvivable). To provide an overall severity score for children with multiple injuries, the Injury Severity Scale score (ISS) was computed. The ISS score is the sum of the squares of the three most severe AIS injuries sustained in three ISS body regions; scores range in an ordinal scale from 1 to 75, where 75 is unsurvivable [35] .
Questionnaire child self-report versus parent proxy report
We used the Swedish version of the PedsQL 4.0 generic core scales to measure the child's HRQL [36] . The PedsQL encompasses 23 items that are divided into four domains: physical functioning (8 items), emotional functioning (5 items), social functioning (5 items), and school functioning (5 items). Child self-report includes versions for ages [5] [6] [7] [8] [9] [10] [11] [12] , and 13-18 years where each version is essentially identical apart from some minor modifications in the wording based on the children's ages. The parent proxy report version is constructed as a mirror of the child's version and assesses the parent's perceptions of their child's HRQL [37] .
In the present study, we used the child and proxy versions for ages 5-7 (young child), 8-12 (child), and 13-18 years (adolescent). The instructions ask how much of a problem each item has been for the child within the past month. The version for children's self-report ages 5-7 years consists of a 3-point Likert scale with each response supported by a sad to a happy face scale, ranging from ''not at all a problem'' to ''a big problem.'' The versions for ages 8-12 and 13-18 consist of a 5-point Likert scale, ranging from ''never a problem'' to ''almost always a problem.'' Parent proxy report to each item is based on the 5-point Likert scale for all age groups. Raw score on each single item is transferred to a 0-100 scale (3-point Likert scales: 0 = 100; 2 = 50, 3 = 0 and 5-point Likert scales: 0 = 100; 1 = 75; 2 = 50; 3 = 25; 4 = 0), where higher scores reflect better perceived HRQL. Scale scores were calculated if there were responses to at least 50 % of the items in each respective scale, as recommended by the developer of the instrument [38] . The scales can also be combined into summary scales. The psychosocial health scores comprise the items included in the emotional, social, and school functioning scales (15 items) and the total health scores include the items of all four scales (23 items).
Questionnaire for parents
The Swedish version of the SF-36 Health Survey was used as an outcome measure for parental mental health [36] . SF-36 is a generic short-form health survey consisting of 36 items divided into eight scales. The instrument has shown acceptable psychometric properties and is internationally widespread [39] . For the purpose of this study, we used the five-item mental health domain (MH) which is one of the eight scales of the SF-36.
The MH consists of the following questions: (1) Have you been a very nervous person? (2) Have you felt so down in the dumps that nothing could cheer you up? (3) Have '' The ratings of the five items are transferred to a MH score with a possible range from 0 (worst) to 100 (best mental health). Additional questions were included in the questionnaire to gather information on parent demographic characteristics. The MH scale score from this study was compared to an age-matched reference sample (n = 3429; ages 34-54 years) drawn from the Swedish SF-36 norm database (=8930) (Health Care Research Unit, Sahlgrenska University Hospital, Gothenburg, Sweden; t test for independent groups). The internal reliability coefficients for the MH scale used for comparison in this study had a mean Cronbach's alpha coefficient of 0.86. [39] .
Procedures
Study procedures were reviewed and approved by the Regional Ethical Vetting Board (Stockholm). Six years after injury, children age 6-18 years at follow-up and their parents were contacted by mail with a cover letter, informed consent form, a questionnaire and a self-addressed stamped return envelop. Children 15 years of age or older were also contacted separately from their parents. Informed consent was obtained from all parents/guardians and children who were 15 years of age or older. Parents to children between the ages of 6 and 7 years were instructed to read the instructions and questions aloud to the child, while older children were instructed to answer the questions on their own. Parents were asked to complete the PedsQL 4.0 proxy version, the SF-36 questionnaire, and answer some additional questions.
Statistical analysis
The software IBM SPSS Statistics 20.0 (IBM Corp., Armonk, NY, USA) was used for all the statistical analyses. Descriptive statistics were calculated for child and parent characteristics. Categorical variables are presented using frequencies and percentage, while continuous variables-if normally distributed-are presented as means and standard deviation (SD), or as median and interquartile range (IQR), if not normally distributed. Variables were considered significant at a p value of \0.05.
First, we determined the internal consistency for the PedsQL scales and the mental health scale in SF-36 by calculating Cronbach's alpha coefficient of reliability. Second, related-samples Wilcoxon signed-rank tests were performed to test the differences in PedsQL scale and summary scores between child self-report and parent proxy report. Thirdly, t test for independent samples was computed between the age-matched mental health (MH) reference sample from the Swedish SF-36 norm database and the parents' SF-36 MH scale scores. Fourthly, two-way mixed model intra-class correlations (ICC) with absolute agreement were computed between the children's self-reported HRQL and the parent proxy reports to estimate levels of agreement. The strength of agreement was interpreted as \0.40 = Poor; 0.40-0.59 = Fair; 0.60-0.74 = Good; 0.75-1.00 = Excellent [40] . Lastly, step-wise multiple regression analysis was performed to find out how parents' mental health status correlated with ratings of child HRQL in a model corrected for the variance of the child and parent background variables. The children's current age, sex (1 = male, 2 = female), and injury severity score (ISS) were entered in the first step. The parent's sex (1 = male, 2 = female), country of birth (1 = Sweden, 2 = any other country), and educational level (1 = lower than university, 2 = university degree) was entered in the second step. Finally, parent's SF-36 mental health scores were entered in the third step. The effect size of the R 2 changes in the third step was interpreted as small if 0.01, medium if 0.09 and large if 0.25 [41] .
Results

Child demographic and injury characteristics
At follow-up 177 (58 %), child-parent dyads were obtained. The children's median age at follow-up was 13 years (IQR 10-16 years), 96 (54 %) were males, and median ISS was 5 (IQR 2-9). Table 1 displays the children's demographic and injury characteristics.
Parent demographic characteristics
Of the responding parents, 137 (77 %) were females, 139 (79 %) were born in Sweden, and 89 (50 %) had university degrees.
Agreement between parent proxy and child self-report HRQL Internal consistency of PedsQL 4.0 for parent proxy and child self-report exceeded the minimum reliability standard of a 0.70 required for group comparisons [42, 43] . The only scale that did not reach the recommended level was emotional functioning (a 0.60) in the child self-report. There was no statistically significant difference between child self-report and parent proxy report in any of the PedsQL 4.0 scales or summary scales ( Table 2 ). The ICC estimates of agreement between the children's self-reported HRQL and the parent proxy reports were excellent (C0.80) with the exception of the scale emotional functioning were the level was fair (0.53). (Table 2 ).
Hierarchical multiple regression
When comparing the parents' SF-36 MH scale scores [mean 79.1 (SD 20. 3)] with the MH age-matched reference group [mean 80.7 (SD 19.2)], there were no significant difference (p = 0.146). Two sets of hierarchical multiple regression analyses were performed to investigate whether the parent's MH correlated with child and parent ratings of children's HRQL. The two sets of models contained seven predictors and were entered in the three steps presented in Table 3 . Adding parental mental health (MH) in the third and final step caused a statistically significant R 2 -change for all PedsQL scales and summary scales with the exception of the child self-reported scale emotional functioning. The statistically significant R 2 -changes of the third step were of medium effect size in all models except for proxy ratings of school functioning where it was of small effect size. This means that parental MH was positively correlated with the children's self-rated and parents' proxy rated HRQL scores when the variance of the child's and parent's background variables already had been taken into account.
Child's characteristics as predictors in addition to parental MH in the final models (step 3) Higher current age of the child predicted higher self-reported scores in emotional functioning (p \ 0.01) and social functioning (p \ 0.05), whereas higher age predicted lower self-reported scores in school functioning (p \ 0.05). Conversely, higher current age of the child predicted lower proxy scores in emotional functioning (p \ 0.01), physical health (p \ 0.01) and psychosocial health (p \ 0.05). Higher injury severity scores (ISS) predicted higher self-reported scores in social functioning (p \ 0.05), and female sex of the child predicted higher proxy scores in psychosocial health (p \ 0.05).
Parent characteristics as predictors in addition to parental MH in the final models (step 3) Female sex of the parent predicted higher scores in both child self-reports and proxy reports of social functioning (child report p \ 0.001; parent report p \ 0.01) and proxy reports of physical health (p \ 0.05). Parents born in another country predicted lower proxy scores in social functioning (p \ 0.05) and higher self-report scores in physical health (p \ 0.05). Parent's educational level did not predict child HRQL. 
Discussion
In this study, we used the PedsQL 4.0 instrument to determine the relationship between child and parent proxy ratings of children's and adolescents' HRQL as assessed by 177 child-parent 6 years after an injury to the child. We also used the SF-36 health survey instrument to explore the parents' mental health status. Hierarchical multiple regression analyses were used to investigate the correlation of the parent's mental health status to both the child's and the parent's rating of the child's HRQL. To our knowledge, this is the first study that has investigated the relation of parent's mental health status on child and parent ratings of children's HRQL after injury.
The main finding of the present study is that a low score for parent's mental health status was the strongest predictor of poorer children's HRQL in all domains in parent proxy reports. It was also the strongest predictor of poorer HRQL as reported by children themselves. However, the relationship may be either way or bidirectional; parental mental health may influence children's HRQL as well as children's HRQL influencing parental mental health. Two earlier studies have explored parental mental health and the relation between child and parent ratings of children's HRQL. Panepinto et al. [44] in a study using PedsQL 4.0 to determine the HRQL of children with sickle cell disease found that parents with lower mental health status proxy rated HRQL scores that were significantly lower than their children's self-reported HRQL. The authors suggested that the children may have adjusted to their level of functioning and therefore reported better HRQL compared to their parents ratings. In contrast, Vance et al. [45] in a study of children with acute lymphoblastic leukemia found that parents who were more depressed had children that self-reported poorer HRQL, the parent's depression was not related to the proxy report of the child's HRQL. In the same study, illness stressors and perceived vulnerability were correlated with significantly poorer parents' proxy ratings. [45] Vance and colleagues suggested that parents are better able to hide stress, but unable to hide more pervasive feelings of depression. The differences between our results and the results of these two studies may be related to time of follow-up, method of data collection, different diagnosis, and cultural differences. Our results could also reflect parents' knowledge concerning their child's experiences, health and wellbeing. This has been showed by Varni et al. [46] in a study where there were higher agreements in domains that were of clinical importance to the child's health problem. The possible bidirectional relation in our result could also be related to well-known research findings that parents are affected by children's exposure to traumatic events and that their responses impact children's reaction to trauma. [47] Traumatic events such as a high-speed vehicle crash can cause instability in a child's life, which has been found to be associated with a range of outcomes impacting development and affecting cognitive abilities, school achievements, social skills, and behavior. [47] Earlier follow-up studies of injured children have demonstrated that caregiver distress, socioeconomic difficulties, and family burdens are associated with lower parent proxy report scores of the child's HRQL after injury. [14, 19, 28, [48] [49] [50] Wade and colleagues [48] found in a study of pediatric trauma that social relationships are important for parents' psychological adjustment regardless of injury. A study by McCarthy et al. [14] found that unhealthy family functioning prior to the child's injury, single-parent household, and not being covered by insurance were associated with worse parent proxy reports of children's HRQL. In addition, Aitkin et al. [49] found that burden in families after pediatric trauma was greater when health care need was unmet. This has also been found in a study by Limond et al. [50] on children with spinal cord injury (SCI) where 45 % of the parents perceived that they did not receive enough support after discharge from acute care hospital after their child's injury. The parents in Limond and colleagues [50] study reported significantly lower scores on their child's HRQL. These findings suggest that children's HRQL may be better in families that have better economic and psychosocial conditions and that such conditions facilitate adjustment after pediatric injuries. Further research is necessary to reveal causal relationship between parents' mental health and child and parents ratings of children's quality of life.
We found no discrepancies between the parents' proxy report and the children's self-report of the child's HRQL. The only PedsQL scale that showed a tendency to significant difference in ratings was emotional functioning, where parents tended to rate their children's function worse than the children themselves. The level of agreement between child and parent proxy ratings of children's HRQL report was strong in all scales with the exception of emotional functioning which was also the scale with the lowest internal consistency. In a study by Glaser et al. [51] , the authors claimed a higher level of agreement (however, not statistically different) in child and parent ratings of children's HRQL when the questionnaire was mailed and completed at home compared to completion at a clinical setting. The authors state that this might be explainable by collusion between children and their parents, but another factor that they also mention is that the completion of a questionnaire at home in familiar surroundings may provide a more accurate reflection of the child's HRQL. The authors also found higher agreement between child and parent proxy ratings compared to child and physician proxy ratings and child and physiotherapist proxy ratings, sug-gesting that proxies who have the greatest contact with the child respond more comparably with the child [51] . In a review study by Upton et al. [52] , the authors found no differences in parent proxy reports and children's self-report agreement depending on method and place of data collection. In the present study, the questionnaires were sent to the children's and parents' home addresses with instructions to avoid collusion and so enhance agreement, but there was no control over how the questionnaires were filled out. Therefore, we cannot rule out that the relationship between child and parent reports could have been affected by the method of data collection, both positively and negatively. Further research is needed to identify factors that may influence levels of agreement in child and proxy ratings of children's HRQL.
In our multiple regression models, older children were found to report higher HRQL in emotional and social functioning. Conversely, parents of older children reported lower scores in emotional functioning, psychosocial health and physical health. These findings are somewhat in line with several previous investigations of child and parent reports on HRQL. For example, Achenbach et al. [25] found that parents are more adept at assessing a child's externalizing problems (e.g., aggression and conduct) compared to internalizing problems (e.g., anxiety and depression). Eiser and Morse [27] have suggested that this could be applied to parents being more prone to rate the child's HRQL on the basis of visible domains such as physical functioning than on less visible domains such as emotional or social functioning. We also found that parents of female children reported higher scores in psychosocial health.
Children with more severe injuries reported better social functioning in their HRQL. To our knowledge, this finding has not been described earlier. In a Swedish qualitative study of adolescents with spinal cord injury (SCI), Augutis et al. [53] parents and peers were found to have formed an important support network around the injured child. Parents acted as advocates and containers for sadness, frustration and anger, and friends acted as promoters of activities and identity development. It was perceived that healthcare providers did not make sufficient use of this network [53] . It is possible that children with more serious injuries receive better support from their social network. Further studies are needed in this area to investigate the impact of social support from family, friends and others regarding help to cope and adjust after different injuries.
Mothers as proxy reporters dominate most studies. In a study by Waters et al. [54] of healthy school children, the mother's self-reported HRQL significantly influenced the proxy report on their children's HRQL. The author did not find this association with fathers [54] . In the study by Vance et al. [45] of children with cancer, it was found that children who self-reported poorer HRQL had mothers who were more depressed. In the present study, 77 % of the parent responders were females, and if the proxy reporter was female, this predicted an increase in both child and parent reports of social functioning and in parent reports of physical health, but the strongest predictor of parents' ratings of their children's HRQL was the parents' mental health status.
Strengths and limitations
One strength of the present study is the long-term followup. Earlier studies have shown that children's recovery trajectory continues 5-10 years after injury, indicating that follow-up investigations should go beyond 5 years [18] [19] [20] [21] . Another strength is that the population derives from a complete cohort from a well-defined population and geographical area (Stockholm region).
Some limitations of this study should be noted. First, the cross-sectional design does not allow controlling for preinjury HRQL and other confounding variables such as recurrent injuries or other health problems. Furthermore, we did not have access to data to control for personality characteristics, family dynamics, and resources. Additional exploration of these issues is clearly merited. Secondly, 42 % of the cohort was lost to follow-up causing selection bias which potentially limits the generalizability of the findings. We recommend the readers to interpret the results with caution. Responders and non-responders were comparable with regard to demographic characteristics, but non-responders had less severe injuries and were more often discharged home from the emergency department than the responders. These factors may have influenced the recall of the injury event and the interest in participating, as reported elsewhere (in manuscript). A reminder to nonresponders would probably have helped achieve a higher response rate, but such procedures were not permitted by the ethical review board.
Conclusions
Children and their parents reported concurrent PedsQL 4.0 scores. Results indicate that poor parental mental health has a possible relationship on both the child's and the parent's ratings of children's HRQL. The present findings can in several ways contribute to future research and clinical management. First, subsequent investigations may consider taking the measurement of parents' mental health status into account in future research of children's HRQL since it appears to be a significant factor in interpreting the results. Longitudinal studies investigating parents' mental health and children's HRQL in parallel are also essential to further reveal the causal relationship between parents' mental health and children's quality of life. Finally, we suggest developing well-validated risk assessment tools that can be feasibly implemented in clinical practice for diverse injury events that will help identify the high-risk youth and families who are in need of clinical services. Early detection of children with poor HRQL and parents who suffer from poor mental health seems to be important not only for the long-term health and recovery of the injured child but also for the parents' and families' wellbeing.
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